Important transitions in the cell cycle are regulated by ubiquitin-dependent degradation of specific proteins. Recent data indicate that cytokinesis is also regulated by proteolysis.
multiple cleavage furrows by repeated displacement of the anaphase spindle within the tube.
In the second, 'polar relaxation' model, actomyosin contractile activity is proposed to exert uniform tension over the entire cell until anaphase when microtubules are thought to relax the cell cortex specifically at the cell poles, leading to an relative increase in the contractile activity at the cell equator. But direct force measurements on cultured cells [4] have demonstrated a net increase in cortical tension at the presumptive furrow region without concomitant relaxation at the poles, suggesting that, if microtubules inhibit contractility, they do so by inhibiting activation of contractility rather than by promoting cortical relaxation; so 'polar inhibition' may describe this concept better. It has not yet been possible to establish a universal mechanism for regulation of cytokinesis in animal cells, as experiments performed in different model organisms have given apparently contradictory results. Continuing in this grand tradition, the new data provide some evidence in support of both models! Rapid degradation of specific proteins is a key regulatory mechanism for cell-cycle progression. Most, but not all, of the critical substrates are targeted for degradation by the proteasome by covalent attachment of multiple ubiquitin moieties in a multi-step process. Ubiquitin is first activated, in an ATP-dependent reaction, by an activating enzyme and then passed to a conjugating enzyme before being transferred to a target protein by a ubiquitin ligase. Two critical cell-cycle regulators have ubiquitin ligase activity: the Skp1-cullin-F-box (SCF) complex and the APC/C [5] . The SCF complex is activated in late G1 phase to regulate S-phase-related events, whereas APC/C regulates progression through M phase. These two multiprotein complexes differ markedly in their overall structure, though both contain subunits of the cullin family and RING families.
Two other conserved ubiquitin-like proteins have been identified: SUMO and Nedd8 (Rub8p in budding yeast). SUMO and Nedd8 are both covalently linked to target proteins by a similar series of reactions to ubiquitination [6] , yet rather than degradation, sumotylation and neddylation seem to affect the subcellular localization or activity of their target proteins, respectively. Whereas a vast number of proteins are covalently modified by ubiquitin at any given time, the only proteins so far known to be modified by neddylation are the cullins.
Recent analysis of the Nedd8 pathway in C. elegans by Kurz et al. [1] has shown that the cytoskeleton is modulated as a consequence of Nedd8-dependent regulation. They identified a mutation of the Nedd8-activating enzyme UBA-3/RFL-1; consistent with the enzyme having a role in promoting S phase, this mutation was found to delay cell-cycle progression, as did genetic depletion of other components of the Nedd8 pathway, such as the cullin CUL-3. But the rfl-1 mutant exhibits additional phenotypes, not caused by the S-phase delay, including prominent cytoskeletonrelated defects ( Figure 1 ). Astral microtubules are shorter and spindles frequently fail to align on the anterior-posterior axis during the first division. In telophase, nuclei often end up near the cell cortex rather than in the cell center. During cytokinesis, convulsive ectopic cleavage furrows are formed all around the mutant embryo, but eventually all furrows regress leading to cytokinesis defects. Partial depolymerization of microtubules during mitosis by nocodazole treatment also induces the formation of ectopic furrows, indicating that high microtubule density negatively regulates cortical contractility at the poles of the embryo. These data are reminiscent of the 'polar inhibition' model, whereby microtubules tend to inhibit cortical contractility.
Some of the observed phenotypes -small asters, spindle orientation defects, ectopic furrows -are similar to those seen in mel-26 mutant embryos. MEL-26 is a protein whose sole function appears to be to downregulate, upon completion of meiosis, a protein complex called katanin which has microtubule-severing activity [7] . Katanin activity prevents assembly of long microtubules, allowing the formation of the small anastral meiotic spindle [8, 9] . Katanin appears to be a target of the Nedd8 pathway, as one of its subunits, MEI-1, is not degraded in rfl-1 mutants before mitosis (Figure 2 [2] indicate that microtubules in the immediate vicinity of the cortex promote, rather than inhibit, contractility. How might these views be reconciled? Different experimental systems may not behave similarly in all respects. Indeed, C. elegans embryos and cultured mammalian cells [16] become highly contractile upon microtubule depolymerization, but sea urchin embryos do not, so the susceptibilities of their cell cortices to microtubule-mediated perturbation may differ. Alternatively, we may not understand the mechanism in sufficient detail to ascertain the underlying similarity. One attractive possibility is that furrow ingression is not triggered by the simple presence or absence of microtubules, but rather by local changes in microtubule density. All we know for sure now is that the still-elusive cleavage stimulus remains cloaked in mystery; the suspense should suffice to keep some of us stimulated to study cleavage in greater -even molecular -detail. 
